SUMMARY The agglutination of avian red cells, particularly pigeon and budgerigar cells, by sera from patients who had been exposed to birds and had respiratory symptoms, as well as from healthy bird fanciers, has been used to detect the presence of avian specific antibody. Agglutination tests performed by standard techniques using bird erythrocytes can be read within 45 minutes. One hundred and sixty-five sera were tested, and the 44 which were precipitin positive gave a positive agglutination test with one exception. Of 61 sera which gave positive agglutination tests, 43 gave positive precipitin tests with unconcentrated serum and seven others after fourfold concentration of the serum. Avian antibodies were demonstrated in the remaining 11 sera by radioimmunoelectrophoretic tests. Absorption of the sera with pigeon IgG and IgM and the use of animal antisera directed against pigeon IgG showed that the agglutination reactions were mediated by antibodies directed against pigeon IgG and IgM, and against light chains derived from pigeon IgG.
directed against the bird serum albumins and globulins (Edwards et al., 1970; . Radioimmunoassays have been developed to measure antibodies to both pigeon albumin (Hargreave et al., 1974) and pigeon IgG (Nielsen et al., 1974) , but these are multistage procedures and not suitable for routine use. Haemagglutination of sheep red cells coated with avian serum proteins is yet another convenient and sensitive method for detecting avian specific antibody . There is also a report that the serum of two patients with bird fancier's lung agglutinated pigeon, budgerigar, and chicken red blood cells (Bach et al., 1971) . Further studies have been made of the latter simple test which has the additional advantage of rapidity because of the speed with which nucleated avian red blood cells settle in agglutination tests (Cayzer et al., 1974) .
Material and methods HUMAN SERA Blood from patients attending the routine allergy Received for publication 19 May 1976 29 clinics at the Brompton Hospital was allowed to clot at room temperature overnight and the serum was removed after centrifugation. Other sera were sent for testing by clinicians in other parts of the United Kingdom and Europe. Sera from healthy blood donors who were asked to fill in a questionnaire on their history of bird exposure were used as controls. BIRD 
ERYTHROCYTES
Pigeon and budgerigar cells were obtained by amputating the wing of a bird which had been anaesthetized with ether and collecting the blood in Alsever's solution, or by direct cardiac puncture in the pigeon. The yield was increased by prior intraperitoneal administration of heparin (Evans Medical, Speke, Liverpool), 100 units for a budgerigar and 250 units for a pigeon. The cells were used after several washings in phosphate buffered saline, pH 7T2 (PBS), or stored in Alsever's solution containing thiomersal (0-1 g/l). They were stored for up to two weeks at 4°C, and were washed several times with PBS immediately before use. Adult chicken red blood cells were purchased from Tissue Culture Services (Slough, England) and turkey red blood cells were obtained from a local turkey farmer.
Pigeon red blood cells were formalinized using the method described by Csizmas (1960) . 30 serum, and rabbit anti-hen serum were purchased from Bio-Service (Tower Hill, London). Antipigeon IgG was raised in an adult Portland Wistar Cross rat by a primary intramuscular injection of pigeon IgG (0 25 mg in an emulsion of 0-2 ml of saline and 0-2 ml of complete Freund's adjuvant) followed by a booster after one month with the same quantity of antigen in incomplete Freund's adjuvant. The animal was bled two weeks later.
PIGEON AND BUDGERIGAR GLOBULINS
Pigeon macroglobulin was isolated as described by on Sephadex G-150. Pigeon and budgerigar IgG were prepared by precipitation of other proteins with caprylic acid followed by adsorption with DEAE-cellulose (Steinbuch and Audran, 1969) . Both these materials showed one arc on immunoelectrophoresis after diffusion against rabbit anti-pigeon serum and rabbit anti-budgerigar serum respectively.
PIGEON IgG LIGHT CHAINS
Pigeon IgG was reduced with mercaptoethanol, alkylated with iodoacetamide, and chromatographed on Sephadex G-75 in 1 M acetic acid (Fleischman et al., 1962) . The material eluted in the secondpeakwas homogeneous with a molecular weight of about 25 000 on gradient polyacrylamide gel electrophoresis.
PIGEON AND HEN ALBUMIN
Pigeon albumin was isolated in poor yield by passing pigeon serum through a blue dextran-Sepharose column followed by elution of the retained material with 6 M urea (Travis and Pannell, 1973 Table 6 .
A control serum of known titre and a negative J. A. Diment and J. Pepys serum were included in every series of plates. The control negative serum was a pool from healthy blood donors who reported no or little bird exposure and whose sera gave agglutination titres in the upper range for this group.
DOUBLE-DIFFUSION AND IMMUNOELECTRO-PHORESIS
The Ouchterlony agar-gel method (Pepys et al., 1964) was modified for precipitin testing so that the central well in 5 mm thick agar was 6 mm in diameter and was 2 mm distant margin to margin from the peripheral antigen well which was 3 mm in diameter. This method, adopted for reasons of economy of the budgerigar serum, is less sensitive than the previous method in which the corresponding dimensions in 6 mm thick agar were 13 mm, 4 mm, and 4 mm. Immunoelectrophoresis was done on agarose (BDH, Poole, Dorset) using Svenson's buffer (Weeke, 1973) . Indirect radioimmunoelectrophoretic tests were made, the patients' IgG, IgA, and IgM being immobilized in the gel by an anti-human immunoglobulin serum (Hyland, Thetford, Norfolk). This was followed by addition to the troughs of, or by immersing the whole plate in, pigeon or budgerigar IgG (labelled with 1251 by the chloramine-T method (Hunter, 1974) ), in 30% horse serum as the carrier protein solution. After standing overnight, the plates were washed for one to two days in saline plus 0 05 % Tween 20 (Koch-Light, Colnbrook Buckinghamshire), then dried, stained, and exposed to x-ray films for a suitable time.
Where necessary, 2 ml samples of sera were concentrated by lyophilization and were reconstituted in 0-5 ml of water.
POLYACRYLAMIDE ELECTROPHORESIS
This was performed on gradient gels according to the methods suggested by the manufacturer (Pharmacia, Uppsala, Sweden). Chymotrypsinogen A, bovine serum albumin, and aldolase (molecular weights 25 000, 67 000, and 158 000 respectively) (Boebringer Mannheim, Ealing, London) were used as standards to estimate molecular weights. who had been referred to the Brompton Hospital with respiratory symptoms and a history of bird exposure are compared with the titres of the sera from a group of healthy bird fanciers in Table 3 using pigeon cells, and in Table 4 using budgerigar cells. In the bird fanciers with respiratory disease, raised agglutination titres to pigeon erythrocytes were given by 67 % of the pigeon fanciers and by 28 % of budgerigar fanciers. Raised agglutination titres against budgerigar erythrocytes were given by 65 % of the pigeon fanciers and by 26 % of the budgerigar fanciers. Of the healthy pigeon fanciers, 54% gave raised but lower titres to both pigeon and budgerigar erythrocytes. None of the healthy budgerigar fanciers had raised titres to either pigeon or budgerigar erythrocytes. Table 5 shows that the pigeon erythrocytes gave more agglutination reactions with the sera which had The serum from one pigeon fancier who had not been exposed to birds for 10 years gave positive precipitin reactions to both pigeon and budgerigar serum without a raised agglutination titre. On immunoelectrophoresis the serum showed only a single arc to pigeon and budgerigar a-globulin. Tables 6 and 7 show that absorption of the patients' sera with pigeon serum, pigeon gammaglobulin, macroglobulin and light chains prepared from pigeon IgG inhibited the agglutination of pigeon erythrocytes and budgerigar erythrocytes, whereas pigeon and hen albumin had no effect.
ANTIGEN ABSORPTION TESTS

Discussion
We have confirmed the report by Bach et al. (1971) that the sera of bird fanciers can agglutinate red blood cells from pigeon, budgerigar, and chicken. Rabbit anti-pigeon serum, rabbit anti-budgerigar serum, and rabbit anti-chicken serum also agglutinated the bird erythrocytes. The inhibition of agglutination of pigeon and budgerigar cells by absorption of the patients' sera with pigeon gammaglobulin and macroglobulin showed that these contained reacting antigens. The observation that light chains of pigeon gammaglobulin also inhibited the agglutination of pigeon erythrocytes suggests that they were among the antigens with which the antibodies were reacting. Bird fanciers are known to produce antibodies against antigens in bird droppings which cross-react with pigeon globulins (Edwards et al., 1970) . Rat anti-pigeon gammaglobulin agglutinated pigeon cells to a titre of 128, thus confirming the presence of the gammaglobulin or a cross-reacting antigen on the red cells. The possibility that other antigens, such as the P1 antigen described by Radermecker et al. (1975) , may also contributetothe agglutination has not been excluded. Avian erythrocyte agghdfination tests with the sera of birdfanciers Although the antigen absorption experiments showed that there were similar or related antigens on the different avian red cells, higher titres were given in some cases in tests with pigeon red cells than with those of the species to which the patient had been exposed. It seems that the patient's serum should be tested with pigeon erythrocytes as well as with those of the species to which he had been exposed. The report of an inverse effect of avian red cell concentrations and of ageing of the cells on agglutination titres (Soda et al., 1971) The use of turkey red blood cells as a support for the coupling of antigens is likely to find increasing use in the routine laboratory. Two such tests have already been described, for Treponemal (Sequeira and Eldridge, 1973) and for hepatitis B antigen (Cayzer et al., 1974) . False-positive reactions in terms of these latter antigens may, however, be obtained even after absorption of the sera of pigeon and budgerigar fanciers with turkey erythrocytes.
